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@ Optical module with improved grounding of an optical element. 

@ An optical functional element is contained in and 
grounded to a metal package. A grounding lead 
member, which is connected to a grounding lead pin 
forming portion via a connecting lead portion, is 
welded to the outer surface of the metal package 
either before or after resin molding. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an optical 
module used in optical communication systems, 
such as a data link and an optical LAN, which 
utilize light as an information transmitting medium. 
The invention also relates to a manufacturing meth- 
od of such an optical module. 

The above optical module is classified into two 
types: a transmitting module having as an optical 
functional element a light-emitting element such as 
a semiconductor laser, and a receiving module 
having as an optical functional element a 
photodetecting element such as a p-i-n photodiode. 
For example. U.S. Patent No. 5.170.453 (corre- 
sponding to Japanese Patent Application Unex- 
amined Publication No. Hei. 2-271308) discloses an 
optical module of this type which enables cost 
reduction due to a reduced number of parts and 
the mass-production effect, and which is superior 
in reliability and durability. 

An optical module manufacturing method dis- 
closed in the above patent is summarized below 
with reference to Figs. 1 and 2. Fig. 1 shows an 
assembly of an optical module 1 in a state imme- 
diately after resin molding. In this state, an optical 
connector 2 and lead pins 3 of a lead frame 8 are 
held by a resin mold member 5. Fig. 2 shows an 
assembly before being set in metal dies for the 
resin molding. In Fig. 2, a support member 7 is 
inserted into a ferule Insertion hole 6 to thereby 
support the optica! connector 2 by the lead frame 
8. To hold the optical connector 2 more stably, it is 
further supported by a holding member 9 of the 
lead frame 8. 

As shown in Fig. 2, terminals extending in front 
of a metal package 10 that is unified with the 
optical connector 2 and containing an optical func- 
tional element are connected by wires 13 to termi- 
nals of electronic circuit parts 12 mounted on a 
circuit board 1 1 that is placed on the lead frame 8. 
The lead frame 8 has inner leads 3a and outer 
leads 3b of the lead pins 3. a mother land (not 
shown) located inside the inner leads 3a and sup- 
porting the circuit board 11, and tie-bars 14 for 
holding the mother land, lead pins 3, etc. 

In the state of Fig. 2, the lead frame 8 and the 
respective parts are set in metal dies (not shown), 
and a plasticized resin material is pressure-injected 
into the metal dies. The resin material is molded as 
shown in Fig. 1, and the respective parts are held 
by the resin mold member 5. Finally, the optical 
module 1 is completed by cutting out unnecessary 
portions of the lead frame 8. 

Compared with the preceding optical module 
manufacturing method in which respective parts 
are fixed to a ceramic package with an adhesive, 
the above method is superior in that it enables cost 



reduction and mass-production due to rationaliza- 
tion of a manufacturing process. However, although 
in the above method sufficient studies and im- 
provements have been made of the rationalization 

5 of the manufacturing process and the reliability of 
the molding step using the resin material, no im- 
provements have been made of the grounding of 
the optical element and the electronic circuits. 

In general, in the above optical module, the 

w optical functional element and the electronic cir- 
cuits are connected to each other by wiring. How- 
ever, for instance in the case of an optical module 
in which an optical data link using a laser diode is 
molded with a resin material, the method of con- 

75 necting the laser diode and the electronic circuits 
only by wiring cannot provide sufficient grounding 
performance, preventing the optical module from 
exhibiting satisfactory characteristics. Similarly, an 
optical module having a photodetecting element is 

20 susceptible to noises because of insufficient 
grounding performance. 

SUMMARY OF THE INVENTION 

25 The present invention has been made to solve 

the above problems in the art, and has an object of 
providing an optical module In which an optical 
element is grounded more properly. Another object 
of the invention is to provide a manufacturing meth- 

30 od of such an optical module. 

According to the invention, an optical module 
comprises: 

an optical connector for receiving an end of an 
optical fiber to be connected to the optical module; 
35 an optical functional element to be optically 

coupled with the optical fiber; 

a metal package fixed to the optical connector 
and containing the optical functional element, the 
optical functional element being grounded to the 
40 metal package; 

electronic circuit parts electrically connected to 
the optical functional element; 

a circuit board on which the electronic circuit 
parts are mounted; 
45 a plurality of lead pins electrically connected to 

the electronic circuit parts; 

at least one grounding member electrically 
connected to the metal package; 

a grounding lead pin electrically connected to 
50 the grounding lead member; and 

a resin mold member holding the metal pack- 
age, electronic circuit parts, circuit board, lead 
pins, grounding member and grounding lead pin. 

According to another aspect of the invention, a 
55 manufacturing method of an optical module com- 
prises the steps of: 

preparing an assembly comprising a lead 
frame including a plurality of lead pin forming por- 
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tions, at least one grounding lead member and a 
grounding lead pin forming portion electrically con- 
nected to the grounding lead member, a circuit 
board having electronic circuit parts and mounted 
on the lead frame, an optical connector supported 
by the lead frame, a metal package fixed to the 
optical connector and containing an optical func- 
tional element electrically connected to the elec- 
tronic circuit parts and grounded to the metal pack- 
age; 

electrically connecting the grounding lead 
member to the metal package; and 

molding the assembly with a resin to hold the 
metal package, electronic circuit parts, circuit 
board, lead pin forming portions, grounding lead 
member and grounding lead pin forming portion; 
and 

cutting out unnecessary portions of the lead 
frame. 

Alternatively, the molding step may be per- 
formed before the step of connecting the grounding 
lead member to the metal package.. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of an assembly of a 
conventional optical module in a state after resin 
molding and before cutting out unnecessary por- 
tions of a lead frame; 

Fig. 2 is a perspective view of an assembly of 
the optical module of Fig. 1 in a state before the 
resin molding; 

Fig. 3 is a perspective view of a single-fiber 
optical module according to an embodiment of 
the invention; 

Fig. 4 is a perspective view of an assembly of 
the single-cable optical module of Fig. 3 in a 
state before resin molding; 
Fig. 5 is a perspective view of an assembly of 
the optical module of Fig. 3 In a state before a 
circuit board is mounted on a lead frame; 
Fig. 6 is a perspective view showing an example 
of engagement between a metal package and 
grounding lead members; 

Fig. 7 is a perspective view showing another 
example of engagement between the metal 
package and grounding lead members; 
Fig. 8 is a perspective view showing a structure 
for flexibly supporting a grounding lead member 
for the metal package; 

Fig. 9 Is a perspective view of a transceiver-type 
optical module according to a second embodi- 
ment of the invention; 

Fig. 10 is a perspective view of an assembly of 
the transceiver-type optical module of Fig. 9 In a 
state before resin molding; 
Fig. 11 is a perspective view of an assembly of 
the optical module of Fig. 9 in a state before a 



circuit board is mounted on a lead frame; and 
Fig. 12 is a sectional view showing a state in 
which tie-bars of the lead frame are cut out 
using metal dies at the same time as the 
5 grounding lead members are welded to the met- 

al package. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

10 

Embodiments of the present invention are de- 
scribed below with reference to the accompanying 
drawings. 

Fig. 3 is a perspective view of an optical mod- 

75 ute 18 according to an embodiment of the inven- 
tion, which is a single-fiber optical link. Fig. 4 is a 
perspective view of an assembly in a state before 
being set in metal dies, and Fig. 5 is a perspective 
view in which a circuit board 17 is removed from a 

20 lead frame 15 of the Fig. 4 assembly. 

Referring to Fig. 3, in the optical module 18, 
electronic circuit parts (described later) are embed- 
ded in a resin mold member 35, and lead pins 23- 
1, which are partially exposed from the resin mold 

25 member 35, are connected to the electronic circuit 
parts in the resin mold member 35. A metal pack- 
age 21, in which an optical functional element (not 
shown) is incorporated, is unified with an optical 
connector 16. A part of the metal package 21 is 

30 exposed from the resin mold member 35. Ground- 
ing lead members 27 are electrically connected to 
the exposed part of the metal package 21 by 
welding etc. Each grounding lead member 27 is 
connected, in the resin mold member 35, to a 

35 grounding lead pin 23d, which is one of the lead 
pins 23-1. 

A manufacturing method of the optical module 
18 Is described below with reference to Figs. 4 and 
5. A support member 20 is inserted into a ferule 

40 insertion hole 19, so that the optical connector 16 
is supported by a lead frame 15. As described 
above, the optical connector 16 is unified with the 
metal package 21 having the optical functional ele- 
ment (not shown). Terminals 22 of the optical func- 

45 tional element are protruded from the end face of 
the metal package 21. The optical functional ele- 
ment is grounded to the metal package 21. 

In general, the lead frame 15 Is formed into a 
predetermined shape by etching or punching by a 

50 press machine a Fe-Ni(42%) alloy or copper sheet 
of about 0.25-mm thickness. 

As shown in Fig. 5, the lead frame 15, which Is 
an integral part, includes a plurality of lead pin 
forming portions 23 having inner lead portions 23a 

55 and outer lead portions 23b. a mother land 25. 
supported by tie-bars 24 that are integral with the 
corresponding inner lead portions 23a, and ground- 
ing lead members 27 which are connected to the 
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corresponding lead pin forming portions 23 via 
respective connecting lead portions 26. 

The grounding lead members 27 are provided 
on both sides of the metal package 21, and the 
end portion of each grounding lead member 27 is 
somewhat bent upward, i.e., inclined (see Fig. 5). 
An inclined tip portion 27a is in contact with the 
outer surface of the metal package 21. The elec- 
trical connection between the grounding lead mem- 
bers 27 and the metal package 21 is effected by 
welding, brazing, or bonding with a conductive res- 
in. The welding may be laser resistance welding or 
spot welding, and solder or silver may be used for 
the brazing. 

As shown in Fig. 4, a circuit board 17 having 
electronic circuit parts 28 is mounted on the moth- 
er land 25 of the lead frame 15. The terminals 22 
of the optica! functional element are electrically 
connected to a wiring pattern 29 for the electronic 
circuit parts 28 by wires 30. 

In the state of Fig. 4, the respective parts 
including the lead frame 15 are set in transfer 
molding metal dies (not shown), and a plasticized 
resin is pressure-injected into the metal dies. The 
resin is molded, so that the respective parts are 
held by a resin mold member (not shown). Then, 
unnecessary portions such as connecting portions 
between the adjacent lead pin forming portions 23 
and portions outside the outer lead portions 23b 
are cut out using cutter metal dies, to insulate the 
respective lead pins from each other. 

In a step before the above resin molding, the 
electronic circuit parts 28 and the inner lead por- 
tions 23a are connected by wires. While the 
present invention is the same as the conventional 
case in this respect, the former is different from the 
latter in that arbitrary two of the lead pin forming 
portions 23 are used as grounding lead pin forming 
portions 23c and 23d (see Fig. 5), to which the 
circuit board 17 and the metal package 21 are 
electrically connected, respectively. 

In the case of Fig. 5, the grounding lead pin 
forming portion 23c for the circuit board 17 is 
located in the middle of a number of lead pin 
forming portions 23. Therefore, if the electronic 
circuit parts 28 are grounded to the circuit board 
17 and the latter is electrically connected to the 
grounding lead pin forming portion 23c, the elec- 
tronic circuit parts 28 can be grounded via the 
grounding lead pin forming portion 23c. 

The grounding lead pin forming portion 23d for 
the metal package 21 having the optical functional 
element is located at the end of a number of lead 
pin forming portions 23, and the grounding lead pin 
forming portion 23d is electrically connected to the 
grounding lead member 27 via a connecting lead 
portion 26. Therefore, there is no need to connect 
the grounding lead portion 23d and the grounding 



lead member 27 by a wire. 

If the grounding lead member 27 is to be 
connected to a grounding lead pin forming portion 
23 other than the above portion 23d shown in Fig. 

5 5, they may be connected to each other by a wire. 
Further, the lead frame 15 may be so shaped that 
the circuit board 17 and the metal package 21 may 
be grounded via a common grounding lead pin 
forming portion. For example, In the case of Figs. 4 

10 and 5, if the circuit board 17 is connected to the 
inner lead 23a of the grounding lead pin forming 
portion 23d for the metal package 21 by a wire, 
both of the circuit board 17 and the metal package 
21 can be grounded via the single grounding lead 

75 pin forming portion 23d. 

Figs. 6 and 7 show two examples of engage- 
ment between the grounding lead members 27 and 
the metal package 21 . 

In the case of Fig. 6, the tip of each grounding 

20 lead members 27 is inserted into an engaging hole 
31 formed In the outer surface of the metal pack- 
age 21 along Its axis. With this structure, since the 
grounding lead members 27 firmly contact with the 
metal package 21, the operation (e.g.. welding) of 

25 electrically connecting those can be performed 
easily. Further, since the optical connector 16 is 
supported at three positions by the support mem- 
ber 20 and the grounding lead members 27, it can 
be easily positioned, for instance, when it is set in 

30 metal dies. 

In the case of Fig. 7, a tip protrusion 27b of 
each grounding lead member 27 engages with an 
engaging groove 32 formed In the outer surface of 
the metal package 21 in its circumferential dlrec- 

35 tion. With this structure, as In the case of Fig. 6 
structure, since the tip of the grounding lead mem- 
ber 27 firmly contacts with the metal package 21, 
the operation (e.g., welding) of electrically connect- 
ing those can be performed quickly. To provide 

40 reliable connection between the metal package 21 
and the grounding lead members 27, it is recom- 
mended that they be contacted with each other in 
as large an area as possible. 

The operation (e.g.. welding) of electrically con- 

45 necting the metal package 21 and the grounding 
lead members 27 may be performed either before 
or after the resin molding using metal dies. Where 
it is performed before the resin molding, the con- 
necting lead portion 26 for each grounding lead 

50 member 27 is made flexible so that the metal 
package 21 can easily be positioned in the metal 
dies for the resin molding (see Fig. 8). That Is, the 
connecting lead portion 26 is zigzagged, so that 
the grounding lead member 27 connected thereto 

55 can move freely in both directions indicated by 
arrows A and B in Fig. 8. 

With the supporting structure of Fig. 8. when 
the metal package 21 is positioned with respect to 
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the metal dies, the grounding lead members 27 
follow the movement of the metal package 21 and, 
therefore, the metal package 21 can easily be 
positioned before the resin injection. Since the 
molding can be performed so that the metal pack- 
age 21 and the grounding lead members 27 are 
embedded in the resin mold member, it is recom- 
mended that only a part of the optical connector 16 
be exposed from the resin mold member. 

Where the operation (e.g.. welding) of connect- 
ing the metal package 21 and the grounding lead 
members 27 is performed after the resin molding, 
the connecting portion of the metal package 21 is 
exposed from the resin mold member 35 as shown 
in Fig. 3. After the molding, the grounding lead 
members 27 are connected to the exposed con- 
necting portion. With this method, since the 
grounding lead members 27 have not been con- 
nected to the metal package 21 at the time of 
positioning the metal package 21 in the metal dies, 
the metal package 21 can be positioned freely 
even if the connecting lead portions 26 are less 
flexible as in the case of Figs. 4 and 5. 

Figs. 9-1 1 show an embodiment in which the 
invention is applied to an optical module 33, which 
is a double-fiber, transceiver-type optical data link. 
Fig. 9 is a perspective view of the optical module 
33 in which electronic circuit parts 28 and other 
parts are held by a resin mold member 35. Fig. 10 
is a perspective view of an assembly including a 
lead frame 15 and a circuit board 17 mounted 
thereon and having electronic circuit parts 28 in a 
state before being set in metal dies for resin mold- 
ing. Fig. 1 1 is a perspective view of an assembly in 
a state before the circuit board 17 is mounted on 
the lead frame 15. 

This transceiver-type optical module 33 is 
somewhat different from the optical module 18 of 
Figs. 4 and 5 in the arrangement of lead pin 
forming portions 23. The two optical modules 18 
and 33 are the same in the other constitution. More 
specifically, as shown in Fig. 11, in the optical 
module 33, a middle one of a number of lead pin 
forming portions 23 serves as a grounding lead pin 
forming portion 23e, and its inner lead portion 23a 
is connected to a mother land 25 via a bridging 
portion 34. Further, two of four grounding lead 
members 27 are connected to the mother land 25 
via respective connecting lead portions 26, and the 
other two are connected to an outer portion of the 
lead frame 15. The circuit board 17 is connected to 
the mother land 25. 

Therefore, in this optical module 33, each met- 
al package 21, in which an optical functional ele- 
ment is incorporated, is grounded via one of the 
grounding lead members 27, grounding lead por- 
tion 26, mother land 25. bridging portion 34 and 
grounding lead pin forming portion 23e and via the 



other grounding lead member 27. outer lead por- 
tion, mother land 25. bridging portion 34 and 
grounding lead pin forming portion 23e. Further, 
the circuit board .17. which is connected to the 
5 mother land 25. is grounded via the bridging por- 
tion 34 and the grounding lead pin forming portion 
23e. 

In the optical module 33 of Fig. 9, since the 
portion of the metal package 21 to be electrically 

w connected to the grounding lead members 27 is 
located outside the resin mold member 35. the 
grounding lead members 27 can be welded to the 
metal package 21 after the resin molding using 
metal dies. Therefore, in the state where the lead 

15 frame 15 is set in the metal dies while supporting 
optical connectors 16 and the metal packages 21, 
the metal packages 21 and the grounding lead 
members 27 can move freely. No problems occur 
in positioning the metal packages 21 even if the 

20 connecting lead portions 26 for the grounding lead 
members 27 have the structure as shown in Figs. 
10 and 11. 

As shown in Fig. 12, the grounding lead mem- 
bers 27 may be welded to the metal packages 21 

25 after the resin molding at the same time as unnec- 
essary portions such as tie-bars 24 of the lead 
frame 35 are cut out using cutter metal dies 31 and 
32. This combination of the cutter metal dies and 
the welding structure will shorten the manufacturing 

30 process of the optical module. 

It is noted that the integral pattern of the lead 
frame 15 to be punched which includes the lead 
pin forming portions 23. mother land 25. grounding 
lead members 27, etc. is not limited to the one 

35 illustrated in the above embodiments, but may be 
modified in a desired manner. 

According to the invention, in the optical mod- 
ule in which the circuit board having the electronic 
circuit parts, the optical connector, the metal pack- 

40 age having the optical functional element and the 
lead frame supporting those parts are held by the 
resin mold member, the metal package is ground- 
ed via the grounding lead members and the 
grounding lead pins that are parts of the lead 

45 frame. With the improved grounding, not only the 
optical functional element can well exhibits its char- 
acteristics but the resistance to noises can be 
improved. 

50 Claims 

1. An optical module comprising: 

an optical connector for receiving an end 
of an optical fiber to be connected to the 
55 optical module; 

an optical functional element to be opti- 
cally coupled with the optical fiber; 

a metal package fixed to the optical con- 
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nector and containing the optical functional ele- 
ment, the optical functional element being 
grounded to the metal package; 

electronic circuit parts electrically connect- 
ed to the optical functional element; 5 

a circuit board on which the electronic 
circuit parts are mounted; 

a plurality of lead pins electrically con- 
nected to the electronic circuit parts; 

at least one grounding member electrically w 
connected to the metal package; 

a grounding lead pin electrically connected 
, to the grounding lead member; and 

a resin mold member holding the metal 
package, electronic circuit parts, circuit board. is 
lead pins, grounding member and grounding 
lead pin. 

The optical module of claim 1, wherein the 
metal package has, in its outer surface, a 20 
groove with which a tip of the grounding mem- 
ber is engaged. 

The optical module of claim 1 , further compris- 
ing a flexible connecting lead portion connect- 25 
ing the grounding member to the grounding 
lead pin while supporting the grounding mem- 
ber. 

The optical module of claim 1, wherein the 30 
metal package and the grounding member is 
partially exposed from the resin mold member. 

The optical module of claim 1, wherein the 
metal package and the grounding member is 35 
entirely contained in the resin mold member. 

The optical module of claim 1, wherein the 
grounding member is a thin metal part formed 
by cutting a lead frame. 4o 

The optical module of claim 1, wherein the 
grounding member is a wire directly connected 
to the grounding lead pin. 

45 

The optical module of claim 1 , further compris- 
ing a mother land on which the circuit board is 
mounted, the mother land serving to electri- 
cally connect the grounding member to the 
grounding lead pin. so 



frame including a plurality of lead pin forming 
portions, at least one grounding lead member 
and a grounding lead pin forming portion elec- 
trically connected to the grounding lead mem- 
ber, a circuit board having electronic circuit 
parts and mounted on the lead frame, an op- 
tical connector supported by the lead frame, a 
metal package fixed to the optical connector 
and containing an optical functional element 
electrically connected to the electronic circuit 
parts and grounded to the metal package; 

electrically connecting the grounding lead 
member to the metal package: and 

molding the assembly with a resin to hold 
the metal package, electronic circuit parts, cir- 
cuit board, lead pin forming portions, ground- 
ing lead member and grounding lead pin for- 
ming portion; and 

cutting out unnecessary portions of the 
lead frame. 

11. The manufacturing method of claim 10, 
wherein a flexible connecting lead portion elec- 
trically connects the grounding lead member to 
the grounding lead pin forming portion while 
supporting the grounding lead member. 

12. A manufacturing method of an optical module, 
comprising the steps of:. 

preparing an assembly comprising a lead 
frame including a plurality of lead pin forming 
portions, at least one grounding lead member 
and a grounding lead pin forming portion elec- 
trically connected to the grounding lead mem- 
ber, a circuit board having electronic circuit 
parts and mounted on the lead frame, an op- 
tical connector supported by the lead frame, a 
metal package fixed to the optical connector 
and containing an optical functional element 
electrically connected to the electronic circuit 
parts and grounded to the metal package; 

molding the assembly with a resin to hold 
the metal package, electronic circuit parts, cir- 
cuit board, lead pin forming portions, ground- 
ing lead member and grounding lead pin for- 
ming portion; 

electrically connecting the grounding lead 
member to the metal package; and 

cutting out unnecessary portions of the 
lead frame. 



9. The optical module of claim 1, wherein the 
electronic circuit parts are grounded to the 
grounding lead pin via the circuit board. 

10. A manufacturing method of an optical module, 
comprising the steps of: 

preparing an assembly comprising a lead 



13. The manufacturing method of claim 12, 
wherein the steps of electrically connecting the 
grounding lead member to the metal package 
55 and cutting out unnecessary portions of the 

lead frame are performed simultaneously. 
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FIG. 3 
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FIG. 7 
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